Graham Calvert, mD; larry a. may, mD; Steven theiSS, mD This is a retrospective study of 15 patients treated for spondylodiscitis with implanted metal cages. The purpose of this study is to investigate the outcomes of patients treated with permanently placed metal hardware in vertebral body reconstruction for spondylodiscitis. The use of metal implants in the face of infection has classically been discouraged in orthopedic literature because of the ability of bacteria to form biofilms on metal surfaces. Traditional treatment of spondylodiscitis has been aggressive debridement followed by reconstruction with bone grafts. Expandable metallic cages made reconstruction of these defects significantly easier. However, concern exists that metallic implants affect the resolution of infection. A search of the authors' patient database from 2005 to 2009 revealed 21 patients with spondylodiscitis treated with anterior debridement and reconstruction with an expandable metallic cage. Fourteen patients (15 cases) had sufficient documented clinical follow-up and were available for review. Resolution of infection was determined by evaluating symptoms, laboratory data, and final radiographic result. Of the 15 cases, all had clinical resolution of infection with an average follow-up time of 25 months. An average loss of 1.9° of correction was observed when comparing final follow-up radiographs with initial postoperative radiographs. Radiograph review revealed no extensive osteolysis around the hardware or progressive collapse. These results suggest that the use of expandable metal cages maintains alignment while not perpetuating infection. The spine appears to provide a unique environment that permits the use of metal implants in the setting of infection.
S
pondylodiscitis is most commonly treated nonoperatively with the use of long-term antibiotics. [1] [2] [3] [4] [5] [6] [7] [8] Surgical indications are limited to failure of medical management, neurological compromise, spinal instability, an epidural abscess, or intractable pain. [9] [10] [11] [12] [13] [14] Much controversy exists regarding surgical treatment with instrumentation because the use of metal implants in the setting of infection has been classically discouraged in orthopedic literature due to the ability of bacteria to adhere to metal surfaces and form biofilms that are impenetrable to antibiotics and host immune responses. 15 This limited the early surgical management of spondylodiscitis. In 1956, Hodgson and Stock 16 were the first to pioneer the surgical treatment of spondylodiscitis, specifically Pott's disease, describing aggressive debridement and reconstruction with autograft and no instrumentation. However, although this technique was effective, it was difficult to reconstruct large defects in the anterior column. This led to the acceptance of allograft in the treatment algorithm.
Although allograft had the ability to span large defects, the stability it offered to the construct was questionable. This treatment required the patient be either on bed rest or in a brace for long periods of time. Treatment then trended toward circumferential procedures with posterior instrumentation and fusion because the posterior instrumentation was not in contact with the infected anterior field. In some cases, investigators proposed doing the anterior and posterior procedure as part of a single stage, whereas others elected to delay the posterior portion to allow for a period of rest and antibiotics. [17] [18] [19] [20] [21] With the advent of expandable metal cages, reconstruction of these defects has become significantly easier. The controversy regarding placing metal directly into an infected setting is still relevant. Some retrospective data suggest that this strategy in spine surgery is safe. 9, 13 However, to the authors' knowledge, no North American center has published a case series purely regarding the use of titanium mesh cages in the surgical management of spondylodiscitis.
Materials and Methods
After gaining approval from their institutional review board, the authors conducted a search within their surgical database for all patients charged with CPT code 22851 from 2005 to 2010. This code is defined as the application of intervertebral biomechanical device (eg, synthetic cage, threaded bone dowel, methylmethacrylate) to vertebral defect or interspace. This search revealed 300 patients. Operative reports for each patient were then surveyed and only those patients who had a metal intervertebral cage placed in the setting of spondylodiscitis were included, yielding 21 patients. The search was then further narrowed to those patients with at least 6 months of clinical followup, yielding 14 patients. One of these 14 patients underwent 2 procedures for 2 separate cases of osteomyelitis 2 years apart, with signs of resolution of the first infected site following surgery prior to the onset of the second infection. The patient was included as 2 cases. Of these 15 cases, the following data were documented: age at surgery, level(s) of spondylodiscitis involvement, culture results, and type of surgery (anterior stand alone or circumferential). Radiographic loss of correction was also evaluated using postoperative and follow-up films, and these data were available for 14 the 15 cases. Resolution of infection was also documented by reviewing follow-up clinic notes regarding symptom resolution, normalization of laboratory data (ie, erythrocyte sedimentation rate and C-reactive protein; these were only available for some patients), and analyzing final radiographic results.
Surgical protocol for cage insertion after debridement is as follows. The height restoration needed for the involved vertebral bodies based on the average of the normal vertebral bodies above and below the osteomyelitic bodies was templated. A variety of cages were available intraoperatively above and below the templated size. A laminospreader was placed in the defect and expanded until adequate tension was obtained and the size of the cage was adjusted accordingly. Cages were chosen that could be inserted with relative ease but could be expanded to at least the height obtained with the laminospreader. The cages were then expanded under fluoroscopy until a fair amount of tension was obtained on the cage to prevent extrusion. Care was taken not to overexpand the cage and cause splaying of the posterior facets on fluoroscopy. Posterior hardware consisted of a standard pedicle screw and rod construct.
All patients were managed medically according to the current guidelines for the treatment of osteomyelitis in addition to their surgical treatment. This treatment was directed by the infectious disease consulting service, which was involved in each of the cases presented in this study. Treatment included perioperative use of broad spectrum parenteral antibiotics, which was narrowed to bacteria-specific parenteral antibiotics after culture results were available. Patients continued taking parenteral antibiotics for a total of 6 weeks. Patients were prescribed oral antibiotic suppressive therapy for several months. Patients infected with methicillin-resistant Staphylococcus aureus (MRSA) in particular were treated under care of the Infectious Disease service with intravenous vancomycin and oral rifampin for 6 weeks and then converted to oral bactrim or clindamycin for a variable duration of time depending on symptoms. Synex expandable cages (Johnson and Johnson, Rayham, Massachusetts) were used in all cases.
results
Of the 15 cases with documented clinical follow-up, all cases had documented evidence of clinical resolution of infection. Average follow-up time was 25 months (SD, 22 months; range, 6-84 months). Only 1 patient required additional surgery for infection, but the recurrence of infection was not at the original operative site but rather at another vertebral level 2 years after resolution of the original infection. Of these patients, 87% had a positive culture result. The most common pathogens were methicillin-sensitive S aureus (MSSA) (40%) and MRSA (27%). Interestingly, 1 case of tuberculosis was also observed. Table 1 provides all culture results. The most common levels of infection were L4-L5 (40%) and T6-T7 (29%). Five cases had standalone anterior procedures, 1 required a cage and anterior screw and rod construct, and 9 had circumferential procedures with anterior cages and posterior pedicle screw and rod constructs. Table 1 provides expanded results, including the medical comorbidities for each patient in the study. An average of 1.9° (SD, 2.3°) of loss of correction was observed when comparing follow-up radiographs to the initial postoperative radiographs for patients with available data. Table 2 shows the initial and follow-up C-reactive protein and erythrocyte sedimentation rate for several patients. For those without these laboratory data available, resolution of infection was determined by radiographic data and symptom resolution. One complication was observed in the cohort population. A patient who was paraplegic required revision of his posterior instrumentation due to Charcot changes and posterior hardware failure. Figure 1 shows sample pre-and postoperative radiographs of a patient who required only an anterior cage. Figure 2 shows the preand postoperative radiographs of a patient who required an anterior cage and posterior instrumentation and fusion.
discussion
In 1979, Fountain 10 reported on instrumentation with spinal infection, describing a case of spondylodiscitis treated with anterior debridement followed by posterior Harrington rod placement and fusion with a satisfactory result. In the years following, posterior instrumentation with hooks, rods, and screws following anterior debridement and reconstruction with autograft was reported by several investigators. 11, [22] [23] [24] [25] [26] [27] The first case reports in which anterior instrumentation was placed in the setting of infection were presented in 1983 by Kostuik. 28 He described 2 patients with spondylodiscitis managed with anterior debridement, autograft, and Dwyer-Hall or Harrington instrumentation with no recurrent infection. 28 In 1997, Dietze et al 9 reported the next case series in which anterior instrumentation was placed in the setting of infection. Following aggressive debridement and arthrodesis, they placed Caspar vertebral body plates in 4 cases of cervical spondylodiscitis. They also reported no recurrent spinal infections during the follow-up period. 9 In 1999, Rezai et al 13 reported 57 patients treated similarly for spondylodiscitis, 20 of whom had anterior hardware placed. Only 1 cervical case had a recurrent deep infection, which underwent a repeat irrigation and debridement and eventually went on to fuse without infection. 13 Ultimately, many others have reported the aforementioned ability to place hardware in the setting of spinal infection with little to no ill consequence.
12,21,29,30
Metallic vertebral body replacement cages have recently gained prominence because they offered a method of cylindrical containment of the bone graft along with providing structural integrity. Expandable cages are particularly useful because they can be resized according to varying defects. Much of the literature regarding their use in the treatment of spondylodiscitis has come from European and Asian centers. In 2002, Hee et al 31 reported a case series of 20 patients treated for spondylodiscitis in which 5 received anterior titanium mesh cages packed with autograft. All patients also received posterior instrumentation and were placed in rigid external orthosis. They noted that the patients who received cages spent less time in the hospital and had lower complication rates. 31 In 2003, Liljenqvist et al 32 followed this up, treating 20 patients with spondylodiscitis by anterior debridement, anterior expandable titanium cage placement with autograft, and posterior instrumentation. He reported no recurrent deep wound infections. 32 Since that time, others have reported similar case series with satisfactory results. [33] [34] [35] [36] [37] [38] [39] The current data demonstrate the safety of titanium interbody expandable cages in the treatment of spondylodiscitis. No local recurrences and no major complications requiring reoperation, aside from the patient who was paraplegic and had Chacot changes, were observed. A small loss of correction was noted due to subsidence of the cage within the adjacent endplates. However, this amount of subsidence was not associated with any instability or increased morbidity. In fact, the subsidence of even standalone cages was minimal. In patients with longer follow-up, the subsidence tended to stabilize after a period of time, which likely coincided with fusion.
Perhaps the most interesting cases in this study are detailed below. The patient who developed Charcot spine had longstanding T5 paraplegia secondary to a gunshot wound 10 years prior to surgery, along with a history of a right transtibial amputation secondary to diabetic sequelae. The patient was admitted with fever, nausea, vomiting, and swelling of his right lumbar back and underwent a staged anterior debridement of L4-L5 disk space and metallic cage placement and posterior spinal instrumentation and fusion L1 to pelvis. He was evaluated in the clinic 1 month postoperatively, at which time radiographic evidence of posterior hardware failure was observed. The patient's debility and lack of stabilizing musculature may have led to excessive instability for the implanted hardware. The patient received a revision of the posterior instrumentation 2 months following the initial procedure. The failed hardware was removed, and TSRH instrumentation (Medtronic, Minneapolis, Minnesota) along with sublaminar polyethylene tapes that were tensioned and attached to the rods and crosslinks were used to achieve satisfactory stabilization. His postoperative course was uncomplicated, and his fusion has progressed satisfactorily. The second interesting case was a recent immigrant from the Philippines who presented with a several-month history of progressive back pain and bilateral lower extremity weakness. Imaging suggested infection of L4-L5 intevertebral disk extending into the adjacent vertebral bodies suspicious for tuberculosis. The patient underwent anterior L4 and L5 corpectomies and placement of an expandable cage and posterior instrumentation and fusion L3 to pelvis. The patient was empirically treated with linezolid, rifampin, ethambutol, and pyrazinamide, which was followed by infectious disease specialists in the clinic. Her lower extremity weakness improved postoperatively, and no recurrence of infection was observed.
As mentioned earlier, 1 patient developed a second case of spondylodiscitis (L3-L4) following surgical treatment and seeming resolution of the infection at the initial site (T6-T7). This patient's initial resolution was suggested symptomatologically and radiologically. Two years later, the patient began to have back pain at a new site with increased inflammatory markers, and imaging suggested a new infection site. Methicillin-sensitive S aureus was cultured from the surgical site in both instances. It is unlikely that direct spread occurred from one site to the other because L3-L4 was not exposed during the first operation and no evidence was found of continued local infection of the first site following debridement and antibiotic treatment. This patient likely remained colonized by MSSA somewhere else in his body, which hematologically seeded the spine later. After the second surgery, the patient's treatment was guided by the infectious disease specialists, and he has had no further signs of persistent infection at this time.
The current study has the typical limitations of a retrospective study regarding documentation of follow-up data and patient-reported functional outcomes. As is also typical, incomplete preoperative data were available on smoking status and other premorbid conditions. In addition, of the 21 patients meeting the initial investigation criteria, only 14 patients (15 cases) had sufficient clinical followup to be included in the study. In addition to limiting the power of the study, it could also affect the results because future complications experienced by these individuals could not be taken into consideration in the study. For example, recurrence, the need for reoperation, failure of the procedure, massive subsidence, or loss of stability could have occurred in as many as 29% of the total population but would be unaccounted for due to loss of follow-up. Because of these limitations, prospective studies would be useful in the future. Despite the aforementioned limitations, the authors were able to show that the infections cleared with no recurrences in an average follow-up time of 25 months, which suggests safety and efficacy of this approach. Although the current data are supportive of previous studies, it is novel because it is the first North American study to report on this treatment strategy.
conclusion
The surgical management of spondylodiscitis has evolved from no instrumentation to posterior instrumentation alone and now to circumferential instrumentation with or without cages and allograft per surgeon preference. The abundant osteolysis resulting in instability within the anterior, and sometimes middle, column has been the driving force behind this evolution. Retrospective studies continue to show that adding instrumentation to the construct can be done with little risk of recurrent deep infection.
The current data serve to not only support this general concept, but also bolster the previous European and Asian literature regarding the use of titanium mesh cages. It is the authors' observation that this type of instrumentation can be safely added to the growing list of options needed to help reconstruction for this condition. The authors use instability as the primary criteria for use of this instrumentation approach and apply it only following aggressive irrigation and debridement of all infected and necrotic debris. Concurrent medical management in conjunction with infectious disease specialist is also vital in the treatment of these patients. Prospective evaluation could better define safety, efficacy, and patient-reported outcomes and 
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